Theoretical Approaches
• antisymmetrized wave function built with 4 He and 3 He clusters
• some attempts to include polarization effects by adding other channels like 6 Li plus proton
• interacting via an effective nucleon-nucleon potential, adjusted to describe bound state properties and phase shifts
Our Aim
• fully microscopic wave functions with cluster configurations at large distances and additional polarized A-body configurations in the interaction region • using a realistic effective interaction • strong repulsive core: nucleons can not get closer than ≈ 0.5 fm
½ central correlations
• strong dependence on the orientation of the spins due to the tensor force ½ tensor correlations the nuclear force will induce strong short-range correlations in the nuclear wave function
Unitary Correlation Operator Method Effective interaction
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Correlation Operator
• induce short-range (two-body) central and tensor correlations into the many-body state
• correlation operator conserves the symmetries of the Hamiltonian and is of finite-range, correlated interaction phase shift equivalent to bare interaction by construction
Correlated Operators
• correlated operators will have contributions in higher cluster orders
+ . . .
• two-body approximation: correlation range should be small compared to mean particle distance 
Correlated Interaction
C ∼ † (T ∼ + V ∼ ) C ∼ = T ∼ + V ∼ UCOM +V ∼ [3] UCOM + . . .
Correlated Interaction in Momentum Space

Fermionic
Slater determinant
• antisymmetrized A-body state
Molecular
single-particle states
• Gaussian wave-packets in phase-space (complex parameter b encodes mean position and mean momentum), spin is free, isospin is fixed
• width  is an independent variational parameter for each wave packet 
• antisymmetrized A-body state Molecular single-particle states
Restoration of Symmetries Many-body approach
Projection
• mean-field may break symmetries of Hamiltonian • restore inversion, translational and rotational symmetry by projection on parity, linear and angular momentum
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Projection
Variation After Projection (VAP)
• effect of projection can be large • full Variation after Angular Momentum and Parity Projection (VAP) for light nuclei
• perform VAP in GCM sense by applying constraints on radius, dipole moment, quadrupole moment or octupole moment and minimizing the energy in the projected energy surface for heavier nuclei
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Variation After Projection (VAP)
• effect of projection can be large
• full Variation after Angular Momentum and Parity Projection (VAP) for light nuclei
Multiconfiguration Mixing
• diagonalize Hamiltonian in a set of projected intrinsic states
He(α, γ) • cross section depends significantly on internal part of wave function, description as an "external" capture is too simplified Effective interaction and many-body approach
S-Factor
• explicit inclusion of short-range central and tensor in the UCOM approach provides realistic low-momentum interaction
• FMD basis allows to describe frozen cluster configurations and polarized configurations in the interaction region 3 He(α,γ) 7 Be Radiative Capture
• Bound states and scattering states wave functions
• S-factor: energy dependence and normalization agrees with data
• Overlap functions, dipole matrix elements
• 3 He(α,γ) 7 Be and 3 H(α,γ) 7 Li data inconsistent ?
